Background: Fractures of both the ulna and radius, known as both-bone forearm fractures are common among the pediatric population. However, ulnar nerve palsy is a rare complication. Nerve damage can be due to multiple factors. Identification of the type of nerve damage is vital for proper management of this complication. Here, we present a case of ulnar nerve palsy complicating a closed both-bone forearm fracture in a pediatric patient. Furthermore, we explored how to best manage such cases and decrease permanent nerve damage through a literature review. Case presentation: A 10-year-old boy presented to the emergency department (ED) 1 day after sustaining a closed right forearm fracture due to a fall. Examination at our ED revealed intact vascularity and nerve function. Reduction and casting were performed. On follow-up 7 days later, signs of ulnar nerve palsy in the form of decreased sensation in the little finger and weak abduction and adduction of the fingers were present. The patient was admitted and underwent closed reduction with percutaneous elastic stable intramedullary nailing. We found 14 case reports in the literature with similar case presentations. These fractures are commonly managed conservatively by closed reduction, casting, and rehabilitation. However, in both-bone forearm fractures, management began with observation, with surgical exploration being reserved for non-improving patients. Conclusion: The uncommon occurrence of ulnar nerve palsy after closed forearm fractures in children should alert physicians to maintain a high index of suspicion and to thoroughly evaluate nerve function in children both before and after reduction of forearm fractures. Surgical exploration is recommended in cases of delayed recovery of nerve function.
Introduction
Fractures of the radius and ulna, also called both-bone forearm fractures, are the third most common fractures in the pediatric population, accounting for 13-40% of all pediatric fractures. 1, 2 Despite the increased use of elastic stable intramedullary nailing (ESIN), many of these fractures are managed by closed reduction and casting because of the high remodeling potential in children. 3 Surgical intervention using ESIN or plates is recommended if manual reduction fails to result in proper bone alignment. 4 Ulnar nerve palsy is a rare complication of closed forearm fractures. It might be the result of the initial insult, nerve entrapment between bone fragments after reduction, or later entrapment by scar tissue. The type of nerve injury is a significant factor in determining the type of management. There have been 14 such cases reported in the literature (Table 1) . Here, we present a case of ulnar nerve palsy complicating a closed both-bone forearm fracture in a pediatric patient. This case report is written according to the recently published SCARE criteria as it is used for supporting transparency and accuracy in publication of case reports. 5 
Case presentation
A 10-year-old boy presented to the emergency department (ED) one day after sustaining a closed right forearm fracture due to a fall. He was admitted in another hospital the day prior, where he underwent closed reduction and received an above-elbow slab. He was referred to our hospital due to the inability of the former to achieve a good reduction. Examination at our ED revealed intact vascularity and nerve function. No signs of compartment syndrome were evident in the form of excessive pain or tense swelling. Radiography showed malreduction (Figure 1 ). Re-reduction and casting were successfully performed ( Figure 2) . Assessment of the ulnar nerve post-reduction was not possible as the boy was uncooperative due to pain. The patient was discharged and scheduled for a follow-up visit in the outpatient clinic 2 days later. The visit was rescheduled, and he was seen 7 days after discharge.
At the follow-up visit in the clinic, the patient still complained of sharp pain. Physical examination showed no swelling suggestive of compartment syndrome, pulses and capillary filling were normal, and median and radial nerves were intact; however, signs of ulnar nerve palsy in the form of decreased sensation in the little finger and weak abduction and adduction of the fingers were present. Radiography showed loss of reduction. Redisplacement could be explained by the fact that the patient was 10 years old, and as described by the study by Bowman et al stating that reduction of both bone forearm fractures in children 10 years and older are more likely to fail. 3 The patient was admitted and closed reduction with percutaneous ESIN under general anesthesia was performed. Two 2.5-mm elastic nails were used, retrogradely for the radius and anterogradely for the ulna. The postoperative radiograph is shown in Figure 3 . No improvement in the patient's sensory or motor deficit was seen after the surgery. As there were no available radiologists with experience in musculoskeletal ultrasonography in our hospital, and an electrodiagnostic study was not readily available, a non-contrast magnetic resonance (MR) image was obtained a day later, revealing a continuous right ulnar nerve without evidence of bony entrapment or surrounding edema. The patient was then discharged.
On follow-up 2 weeks post-operatively, the slab was removed, and radiography revealed excellent alignment. The patient was followed up on a regular basis ( Figure 4A and B) .
At the 5-month follow-up, the patient showed complete recovery of the ulnar nerve (normal sensation and range of motion, complete adduction and abduction of the fingers, and negative Froment's sign). The elastic nails were removed 1 month later ( Figure 5 ).
Written informed consent was obtained from the patient for publication of this case report and accompanying images. No ethical approval is required for case reports as per university regulations. Neurapraxia along the ulnar nerve distribution as a complication of closed forearm fracture is very rare. Suganuma et al listed more common nerve injuries from upper limb fractures including those involving the clavicle, humeral shaft, and supracondylar fractures, as well as shoulder dislocations. 6 In the 14 reports of ulnar nerve injury following forearm fractures found in the literature, management began with observation, with surgical exploration being reserved for non-improving patients. Outcomes varied from case to case, as demonstrated in Table 1 .
7-16
The ulnar nerve is protected by surrounding muscles in its passage under the deep layer of the flexor carpi ulnaris. Unless there is significant displacement and angulation of the ulna, the incidence of injury is rare. Ulnar nerve palsy might be the result of several causes. The nerve could be damaged by the initial injury as a result of nerve compression from surrounding edema or an injury could result from internal laceration or fibrosis.
17 Entrapment of the nerve within fragments of the bone after closed reduction or within scars is another potential cause that can be surgically managed. 8 In this reported case, ulnar nerve palsy occurred after a second manipulation of the fracture. Neurapraxia was probably caused by traction and edema as there was no evidence of nerve entrapment or laceration. MR neurography (MRN) and MR imaging (MRI) have been shown to be sensitive for the diagnosis of suprascapular nerve injuries after shoulder trauma. 18 MRN is a novel imaging technique for direct imaging of spinal and peripheral nerves. It is a valuable adjunct to conventional MRI and is indicated in patients under consideration for surgery for peripheral nerve lesions or after trauma. 19 However, to the best of our knowledge, no literature exists regarding the use of MRI and MRN for the evaluation of ulnar neuropathy after forearm fractures. Nevertheless, MRI was used to help diagnose the status of the ulnar nerve after forearm fractures in two reports. 8, 20 Ekiz et al recently recommended the use of ultrasonography for such fractures, highlighting its usefulness for detecting nerve injuries. 7 Other authors have used nerve conduction studies. 12, 20 As in this reported case, most other authors reported neurapraxia after reduction, resorting to surgery in such cases. The maneuvers used in reduction might be responsible for the ulnar nerve injury; in this patient, the reduction maneuver consisted of exaggeration of the deformity to disimpact the fracture fragments and disengage any interposing soft tissue, followed by traction and correction of the deformity. Few of the patients reported in the literature were uncooperative, restricting the ability of physicians to perform full physical examinations at the time of presentation. Amit et al reported the case of a child who developed features of neurapraxia on follow-up. 9 The child was managed conservatively after MRI showed no nerve entrapment. The patient regained almost full motor and sensory functions after 3 months. This finding demonstrates the importance of precisely identifying the type of nerve injury, which consequently influences the choice of management. This can be achieved by different modalities including ultrasonography, electrodiagnostic studies, or magnetic resonance imaging, depending on the availability and experience at the treating hospital.
Conclusion
The uncommon occurrence of ulnar nerve palsy after closed forearm fractures in children should alert physicians to maintain a high index of suspicion and to thoroughly evaluate nerve function in children both before and after reduction of forearm fractures. MRI, ultrasound, or electrophysiological studies can aid assessment of the status of the nerve and the cause of the palsy. Surgical exploration is recommended in cases of delayed recovery of nerve function.
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